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'xlnltudc on \ou-Co1£rollud Svaporative Emicsions
'ﬁrO“ Cas ollnc-Fuclcd Vehicles

I. Introduction

o With-&he gennncd intcrest in coatrol of ecveporative emissions at
;tﬁhiﬁgﬁggtggg v 3 ‘éhbecone nccessary to estuzblish the differeace in.
BRI B ,’“mve"enzq<1ons hetiveen locations near sea level
and locnc;on* in hxf h altitude areas. NDetermination of this difference
in cmissions will result ia the identification of coatrol standards for
high altitude which given similar percent reductions as standards in
effcet for low altitude areas. '

II. Discussion

There is very little published test data which compares evaporative
enissions at different altitudes. However, there has been considerable -
testing done for the effcct of fuel volatility on evaporative cmissions.
There have also been mathematical models developed for th~ prediction of
evaporative losses. These models generally have a theoretical basis and
have been shown to agrce with experimental data gathered under low
altitude conditions. It appears that these models are applicable to
prediction of evaporative losses at different altitudes.

A. Diurnal Loss ' S -

For the diurnal test conditions, the following equation derived by
Wade™ is applicable for prediction of non-controlled fuel tank losses:

L}

c 454 M P (Pt - P) v _ (Pt - P) v
C R~ P -3 T T
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where: -

G = Weight of fuel lost, g 1
b

M = Molecular weight of fuel vapor —Ts

V = Volume of tank vapor space, ft3
T = Temperature, °R

P = Atmospheric pressure, psia

= Fuel tank pressure, psia

P
p = Partial pressure of fuel, psia
p o= (py + py) /2
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1 = lnitial state

2 = Final stétc

R < Ideal ga$ donstant’ = 16.73  psi £e3 -
- ‘ ' °R 1b-mole
Cé = Compressibility factor.

The compressibility factor (Cg) value can be obtained from the

: : vy .2
followinz two cquations contained in an A'I publication :

Z = (379.5) VW E& ( 14.7 )

M )
v

ard also,

Z = 690 - 4M

P
v

where Z = Volume of saturated vapor at 60°F and 14.7 psia per

gallon of liquid, ft3
W = Weight of 1 gallon of liquid, pounds

Pv = Partial pressure of the hydrocarbon in vapor at
saturation, psia.

Combining the two above expressions for Z gives

C = (690-4M) M
B 1%4.7 (379.5 W)

Substituting this into Wade's equation gives the following cxpression
from which diurnal losses can be calculated:

G 4540 ( .—‘29— ) } (Pt - P) Ay _ (Pt - P) v
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This cquation has been used to calculate the amount of non-controlled
fuel tank diurnal losses at sca level and at 5200 fcct clevation, using
Indolene fuel .ad the following valucs:



1
1b mole

1. 60 f:3 (Fuel tank volume = 20 gallon,)

M= 62

P
Pl + 4.6 psia, Pz = 7.2 psia

The recults are listed in Table I. As showm, the calculated loss
at seca level is 20.0 grams and at 5200 fcet is 27.0 grams.

B. Hot-soak Loss

In regard to cavburctor hot-soak losses, wade1 has shown that the
fuel boiling proce:ss can be closely approximated by a single plate
equilibrium distillation process, ond the amournt of fuel loss correlated
well with this distillation curve at the peak carburctor temperature.

On this basis, an eguation has been proposcd fcr the prediction of
carburetor hot-soa’sx losses. However, since single-plate distillation
data are not commcnly available on gasolines, this cquation can not
normally be used.

A wmore practical solution has been the development of empirical
relationships bctween non-controlled carburctor losses and the ASTH
distillation results at the peak carburetor bowl temperature. Such
relationships can bc¢ used to predict the effect of altitude on car-
buretor hot-sonak losses sipce altitude has a known effect on the ASTH
distillation tcmperatures.“ The following empirical rclationshipJ has
been used to predict the effect of altitude on non-controlled carburetor
liot~soak cwissions: )

)i
€= o0 @ Ve =¥
vhere: G = Mags of fuel lost, g
B = Volume of fuel in bowl, cc
- W = Density of fuel, g/cc
v, = Volume Z disctilled at peak bowl temperaturc
a = Coastant = 0.501

" b » Constant = 4,38.
Assumed values used were:

B = 100 ce
We 0,74 g/ce
Peak gasoline temperatuce in carburetor bow), = 165 F
From inspection distillatjon data on Indolcne fuel,
V,_ = 22% at sca level
= 25.5% at 5200 ft.
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TABLE I

Estiwated PDiflference in Non-Controlled Pvaporative
Erission Test Results Betuceen Sea Level and an
' ~ Altitude of 5200 Feet

Sea Level . 5200 Yreet < Increase
Diurnal Loss, g 20.0 27.0 35
Hot Soak Loss, g 9.8 11.9 21

Diurnal and Hot Soak, g 29.8 38.9 31



The results are listed in Table 1. As shown the ectimated hot-soak
losses at sea level and 5200 ft. are 9.8 g and 11.9 g, respectively.

C.- Surmary

Table 1 shows the calculated differeace ia evavworative cmission
test levels between sez level and a representative high altitude
location (5200 feet). The sca level and high altitude values (combining
both diurnal and hot-soak losses) are 29.8 g and 35.9 g, respectively,
an increase of 31X when going froam sea levei to 5200 fecet.
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